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EXHAUST GAS PURIFICATION CATALYST 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to Japanese Patent 
Application No. 2010-071765 ?led on Mar. 26, 2010, the 
disclosure of Which including the speci?cation, the drawings, 
and the claims is hereby incorporated by reference in its 
entirety. 

BACKGROUND 

[0002] The present disclosure relates to exhaust gas puri? 
cation catalysts. 
[0003] Exhaust gas puri?cation catalysts for puri?cation of 
hydrocarbon (HC), CO, and nitrogen oxide (NOx) in engine 
exhaust gas often contain Pt, Pd, Rh, etc., as a catalytic metal. 
For example, a catalyst Which is close-coupled to an exhaust 
manifold may be heated to a temperature as high as around 
11000 C. In this case, even When the catalytic metal is dis 
persed and supported on activated alumina particles having a 
large speci?c surface area, the catalytic metal agglomerates, 
and puri?cation performance is gradually reduced. Accord 
ing to conventional technologies, an increased amount of the 
catalytic metal is supported on the activated alumina particles 
etc. in expectation of this agglomeration. HoWever, the cata 
lytic metal is rare metal, and increasing the amount of the 
supported catalytic metal is not preferable in vieW of conser 
vation of resources. 

[0004] As a solution to this problem, a catalyst in Which the 
amount of the catalytic metal is reduced by doping a support, 
such as Ce-containing oxide etc., With a catalytic metal has 
been and is being put into practice. For example, a Rh-doped 
catalyst has been practically used, in Which Rh is provided at 
lattice points or betWeen the lattice points of CeZr-based 
mixed oxide (composite oxide), and Rh is partially exposed 
on the surfaces of the mixed oxide particles. The CeZr-based 
mixed oxide has originally been knoWn as a support capable 
of storing and releasing oxygen. When doped With Rh, the 
CeZr-based mixed oxide can store a signi?cant amount of 
oxygen, and can store and release oxygen at a signi?cantly 
increased rate. Thus, even When the amount of the catalytic 
metal is reduced, the Rh-doped catalyst shoWs signi?cant 
puri?cation performance as a three-Way catalyst used for 
puri?cation of the exhaust gas Which alternately shoWs rich 
and lean A/F ratios. 
[0005] For example, Japanese Patent Application No. 
2006-334490 describes catalytic poWder in Which CeZr 
based mixed oxide doped With a catalytic metal is supported 
on the surface of CeZr-based mixed oxide containing no 
catalytic metal. The catalytic poWder is obtained by mixing 
and dispersing the CeZr-based mixed oxide containing no 
catalytic metal in a solution containing Ce, Zr, and the cata 
lytic metal, and adding ammonia Water to the obtained solu 
tion to cause coprecipitation. Then, a slurry prepared by mix 
ing the obtained catalytic poWder, alumina, a Zirconia binder, 
and Water is applied to a honeycomb support, dried, and 
baked. In this Way, the three-Way catalyst is obtained. 
[0006] Japanese Patent Application No. 2008-62130 
describes a three-Way catalyst Which includes a catalyst layer 
containing CeZrNd mixed oxide having a number average 
particle diameter of 20-50 nm, CeZrNd mixed oxide having a 
number average particle diameter of 100-200 nm, and a Zir 
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conia binder. The degree of deterioration of the obtained 
three-Way catalyst can be determined at high precision based 
on an oxygen concentration. 

[0007] Japanese Patent Application No. 2007-31192 
describes sol of ceria-Zirconia solid solution used for a cata 
lyst for purifying automobile exhaust gas, Wherein particles 
of the sol have an average particle diameter of 5-100 nm. 
Japanese Patent Application No. 2002-239390 describes an 
HC storing catalyst in Which an Ag Zeolite layer and a Pd 
catalyst layer are stacked on a support. In this catalyst, 
hydrated alumina is used as a binder of the Ag Zeolite layer, 
activated alumina is used as a support of the Pd catalyst layer, 
and a Zirconia binder is used as a binder of the Pd catalyst 
layer, thereby preventing exfoliation of the Pd catalyst layer. 

SUMMARY 

[0008] The Ce-containing oxide particles described in 
Japanese Patent Application No. 2006-334490 etc. are con 
tained in the catalyst layer as secondary particles Which are 
agglomerates of primary particles, and generally have a par 
ticle diameter of several pm. In the secondary particles, the 
amount of exhaust gas diffused inside the particles is 
extremely small, and the primary particles inside the second 
ary particles are hardly used for puri?cation of the exhaust 
gas. That is, only the primary particles present on the surfaces 
of the secondary particles substantially contribute to the puri 
?cation of the exhaust gas. 
[0009] The Rh-doped CeZr-based mixed oxide particles 
alloW increase in amount of stored oxygen, and increase in 
rate of oxygen storage/release. However, Rh exposed on the 
surfaces of the CeZr-based mixed oxide particles is part of the 
doped Rh, i.e., only a small amount of Rh directly contributes 
to the puri?cation of the exhaust gas. Speci?cally, Rh present 
inside the CeZr-based mixed oxide particles contributes to the 
storage/release of the exhaust gas, but does not directly con 
tribute to oxidation/reduction of exhaust gas components. 
[0010] Further, binder particles are interposed among the 
Rh-doped CeZr-based mixed oxide particles, or among par 
ticles of the support carrying the catalytic metal. Although the 
binder particles can ?x the particles of the support, and can ?x 
the catalyst layer to the support, the binder particles prevent 
contact betWeen catalyst components such as the Rh-doped 
CeZr-based mixed oxide, etc. and the exhaust gas. Therefore, 
the binder particles do not contribute to the puri?cation of the 
exhaust gas. 
[0011] In vieW of the foregoing, the present disclosure is 
directed to alloW the catalytic metal contained in the catalyst 
layer, and the catalyst components Which store and release 
oxygen to effectively act on the puri?cation of the exhaust 
gas, and to alloW every part of the catalyst layer to act on the 
puri?cation of the exhaust gas Without Waste. 
[0012] In the present disclosure, a catalyst component 
Which stores and releases oxygen is used as a binder. 

[0013] Speci?cally, the disclosed exhaust gas puri?cation 
catalyst includes: a plurality of catalyst layers stacked on a 
support, Wherein at least one catalytic metal of Pd, Pt, or Rh 
is supported on at least one of oxide particles of activated 
alumina particles or Ce-containing oxide particles in a ?rst 
catalyst layer of the plurality of catalyst layers, and ?rst 
binder particles Which are ?ne, and have oxygen ion conduc 
tivity are interposed among the oxide particles, and at least 
one catalytic metal of Pd, Pt, or Rh is supported on at least one 
of oxide particles of activated alumina particles or Ce-con 
taining oxide particles in a second catalyst layer of the plu 
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rality of catalyst layers formed on or above the ?rst catalyst 
layer, and second binder particles Which are ?ne, and are 
capable of storing and releasing oxygen depending on a 
change in an oxygen concentration in the exhaust gas are 
interposed among the oxide particles. 
[0014] The expression that a second catalyst layer is 
formed on or above the ?rst catalyst layer includes the case 
Where the ?rst catalyst layer is formed on a surface of the 
support directly, or indirectly With another catalyst layer 
interposed therebetWeen, and the second catalyst layer is 
formed on the ?rst catalyst layer directly, or indirectly With 
another catalyst layer interposed therebetWeen, and the case 
Where another catalyst layer is additionally formed on the 
second catalyst layer. 
[0015] With this con?guration, the catalytic metal is sup 
ported on at least one of the oxide particles of the activated 
alumina particles or the Ce-containing oxide particles in each 
of the ?rst catalyst layer and the second catalyst layer. There 
fore, the catalytic metal can contribute to the puri?cation of 
HC, CO, or NOx in the exhaust gas When the catalytic metal 
contacts the exhaust gas. 
[0016] When the A/F ratio of the exhaust gas changes, the 
second binder particles in the upper second catalyst layer 
store/release oxygen to absorb the change of the A/F ratio. 
This enlarges an A/F WindoW in Which the catalytic metal 
effectively acts on the puri?cation of HC, CO, and NOx. In 
the loWer ?rst catalyst layer, the ?rst binder particles having 
the oxygen ion conductivity capture oxygen in the atmo 
sphere, and releases active oxygen Whether the exhaust gas 
atmosphere is rich or lean, thereby accelerating the puri?ca 
tion of the exhaust gas by the active oxygen. 
[0017] The ?rst binder particles having the oxygen ion 
conductivity, and the second binder particles capable of stor 
ing/releasing oxygen are ?ne particles. Thus, a path through 
Which the exhaust gas or oxygen diffuses from surfaces of the 
particles to the inside of the particles is shortened. Therefore, 
not only the primary particles on the surfaces of the secondary 
particles, the primary particles inside the secondary particles 
can effectively act on oxygen ion conduction or storage/ 
release of oxygen. 
[0018] Since the binder in each of the ?rst catalyst layer and 
the second catalyst layer is constituted of the particles having 
the oxygen ion conductivity, or the particles capable of stor 
ing/releasing oxygen, the particles and the exhaust gas are 
more likely to contact With each other, and the entire part of 
the catalyst layer can act on the puri?cation of the exhaust gas 
Without Waste. Accordingly, a material Which functions only 
as the binder is no longer necessary, or the amount of the 
binder material can be reduced When the binder material and 
the ?rst or second binder particles are used together. This can 
reduce the entire volume of the catalyst layer as compared 
With the conventional catalyst layer. Speci?cally, thermal 
capacity of the catalyst layer can be reduced, thereby alloW 
ing quick temperature increase of the catalyst layer. This is 
advantageous in improving light-off performance of the cata 
lyst. 
[0019] The ?rst binder particles may be, for example, 
mixed oxide containing Zr, and rare earth metal except for Ce. 
The second binder particles may be catalytic metal-doped 
mixed oxide containing Ce, and the catalytic metal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a cross-sectional vieW schematically illus 
trating an example of the disclosed exhaust gas puri?cation 
catalyst. 
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DETAILED DESCRIPTION 

[0021] An embodiment of the present disclosure Will be 
described beloW With reference to the draWing. The folloWing 
embodiment is set forth merely for the purposes of preferred 
examples in nature, and is not intended to limit the scope, 
applications, and use of the disclosure. 
[0022] FIG. 1 schematically shoWs the structure of an 
exhaust gas puri?cation catalyst (a three-Way catalyst) suit 
able for puri?cation of exhaust gas of automobiles. In FIG. 1, 
reference character 1 indicates a cell Wall of a honeycomb 
support, on Which a plurality of catalyst layers, i.e., a ?rst 
catalyst layer 2, and a second catalyst layer 3 formed on or 
above the ?rst catalyst layer 2, are stacked. 
[0023] The ?rst catalyst layer 2 contains a plurality of acti 
vated alumina particles 4, and a plurality of Ce-containing 
oxide particles 6 in a mixed state. These particles 4 and 6 
support at least one catalytic metal 5 of Pd, Pt, or Rh. First 
binder particles 7 Which are ?ne, and have oxygen ion con 
ductivity are interposed among the particles supporting the 
catalytic metal. 
[0024] The second catalyst layer 3 contains a plurality of 
activated alumina particles 8, and a plurality of Ce-containing 
oxide particles 12 in a mixed state. The activated alumina 
particles 8 support ZrLa mixed oxide particles 9. At least one 
catalytic metal 11 of Pd, Pt, or Rh is supported on particles 
including the activated alumina particles 8 and the ZrLa 
mixed oxide particles 9 supported thereon, and the Ce-con 
taining oxide particles 12. Second binder particles 13 Which 
are ?ne, and are capable of storing and releasing oxygen 
depending on a change in an oxygen concentration in the 
exhaust gas are interposed among the particles supporting the 
catalytic metal. 
[0025] The ?rst catalyst layer 2 Which is not directly 
exposed to the exhaust gas preferably contains Pd as the 
catalytic metal 5, and is preferably Rh-free. The second cata 
lyst layer 3 Which is directly exposed to the exhaust gas 
preferably contains Rh as the catalytic metal 11, and is pref 
erably Pd-free. Pt may be contained in one or both of the ?rst 
catalyst layer 2 and the second catalyst layer 3. When Pt is 
contained in both of the catalyst layers, Pt may be impreg 
nated in only a predetermined part of the support close to an 
entrance of the exhaust gas. 
[0026] It has been knoWn that Pd is easily thermally 
degraded as compared With Rh, and causes sulfur poisoning 
or phosphorus poisoning. When Pd is contained in the loWer 
?rst catalyst layer 2, the upper second catalyst layer 3 reduces 
the thermal degradation, and the poisoning of Pd. Further, it 
has been knoWn that Rh is degraded When alloyed With Pd. 
When the both catalytic metals are contained in different 
catalyst layers, the alloying can be prevented. 
[0027] When Rh is supported on alumina, and a tempera 
ture of the catalyst is increased, Rh is dissolved in alumina in 
a state of a solid solution, and its activity tends to decrease. 
HoWever, in the upper second catalyst layer 3, the ZrLa mixed 
oxide particles 9 are supported on the activated alumina par 
ticles 8, and Rh is supported on the particles including the 
activated alumina particles 8 and the ZrLa mixed oxide par 
ticles 9 supported thereon. This can avoid the deterioration of 
the catalyst caused by the dissolution of Rh. 
[0028] Pd is mainly used as a catalytic metal in charge of 
oxidation and puri?cation of HC and CO because oxidiZed Pd 
(PdO) alloWs easy oxidation of HC and CO Which contact Pd. 
To oxidiZe Pd, Pd and a substance capable of storing and 
releasing oxygen are combined in most cases. HoWever, the 
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substance capable of storing and releasing oxygen captures 
oxygen in the atmosphere in a lean atmosphere, and PdO is 
easily reduced to become Pd (metal state). Even in the lean 
state, the exhaust gas contains HC and CO, Which have to be 
oxidiZed and puri?ed. Further, When the exhaust gas is 
changed from the lean state to stoichiometry, HC and CO 
rapidly increase, Which have to be reliably oxidiZed and puri 
?ed. 
[0029] In the above-described catalyst structure, the ?rst 
catalyst layer Which contains Pd as the catalytic metal 5 
includes the ?rst binder particles 7 having the oxygen ion 
conductivity. Therefore, Whether the exhaust gas atmosphere 
is lean or rich, the ?rst binder particles 7 capture oxygen in the 
atmosphere, and release active oxygen. This is advantageous 
for keeping Pd in the oxidiZed state. The advantages of the 
above-described catalyst Will be described beloW by Way of 
examples and comparative examples. 

EXAMPLES AND COMPARATIVE EXAMPLES 

Example 1 

[0030] To obtain the catalyst structure shoWn in FIG. 1, a 
ceramic honeycomb support having a 3.5 mil (8.89><10_2 
mm) thick cell Wall, 600 cells per square inch (645.16 m2), 
and a capacity of about 1 L Was used as the support 1. The ?rst 
catalyst layer (loWer layer) 2 contained a mixture of 
Pd/CeZrNdO, Pd/LaiAl2O3, and a ZrY binder as the ?rst 
binder particles 7 having oxygen ion conductivity. The sec 
ond catalyst layer (upper layer) 3 contained a mixture of 
Rh/CeZrNdO, Rh/ZrLa/Al2O3, and a Rh-doped CeO2 binder 
as the second binder particles 13 capable of storing and 
releasing oxygen. 
[0031] Pd/CeZrNdO contained in the ?rst catalyst layer 2 
Was prepared by supporting Pd as the catalytic metal 5 on 
CeZrNdO as the Ce-containing oxide particles 6. CeZrNdO 
Was mixed oxide Which contained Ce, Zr, and Nd, had a 
composition of CeO2:ZrO2:Nd2O3:23:67:10 (mass ratio), 
and supported 0.55% by mass of Pd. Pd/LaiAlZO3 Was 
prepared by supporting Pd as the catalytic metal 5 on 
LaiAlZO3 as the activated alumina particles 4. LaiAlZO3 
Was activated alumina containing 4% by mass of La2O3, and 
supported 0.86% by mass of Pd. The ZrY binder Was ZrY sol 
(sol of ZrY mixed oxide poWder) obtained by Wet grinding 
ZrO2 containing 3 mol % of Y2O3. The ZrY mixed oxide 
poWder had a particle siZe distribution (frequency distribu 
tion) in Which a peak particle siZe value Was in the range of 
100 nm to 300 nm, both inclusive. Pd Was supported by 
evaporation to dryness. The catalytic metal such as Pd etc. 
Was supported by evaporation to dryness in the other 
examples and comparative examples. 
[0032] The ?rst catalyst layer 2 supported 35 g/L of 
Pd/CeZrNdO (Pd:0.175 g/L), 45 g/L of Pd/LaiAl2O3 
(Pd:0.36 g/L), and 12 g/L of the ZrY binder per L of the 
support. 
[0033] Rh/CeZrNdO contained in the second catalyst layer 
3 Was provided by supporting Rh as the catalytic metal 11 on 
CeZrNdO (mixed oxide containing Ce, Zr, and Nd) as the 
Ce-containing oxide particles 12. CeZrNdO had a composi 
tion of CeO2:ZrO2:Nd2O3:10:80:10 (mass ratio). Rh/ZrLa/ 
A1203 Was provided by supporting Rh as the catalytic metal 
11 on ZrLa/A1203 particles. The ZrLa/A1203 particles 
included ZrLa mixed oxide particles 9 supported on the sur 
faces of the activated alumina particles 8, and had a compo 
sition of ZrO2:La2O3:Al2O3:38:2:60 (% by mass). 
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[0034] The ZrLa/A1203 particles Were prepared in the fol 
loWing manner. Activated alumina poWder Was dispersed in a 
solution mixture of Zirconium nitrate and lanthanum nitrate. 
Ammonia Water Was added to the solution mixture to generate 
a precipitate (coprecipitation). The obtained precipitate Was 
?ltered, Washed, dried at 200° C. for 2 hours, baked at 500° C. 
for 2 hours, and pulveriZed. Thus, the ZrLa/A1203 particles 
Were obtained. 

[0035] The Rh-doped CeO2 binder of the second catalyst 
layer 3 Was Rh-doped CeO2 sol in Which CeO2 Was doped 
With Rh (Rh concentration: 0.05% by mass). The sol Was 
prepared in the folloWing manner. Cerium nitrate hexahy 
drate and a rhodium nitrate solution Were dissolved in ion 
exchanged Water. An 8-fold diluted solution of ammonia 
Water of 28% by mass Was added to the nitrate solution to 

neutraliZe the solution, thereby obtaining a coprecipitate. The 
coprecipitate Was Washed With Water by centrifugal separa 
tion, dried in the air at 150° C. for a Whole day and night, 
pulveriZed, andbaked at 500° C. in the air for 2 hours to obtain 
Rh-doped CeO2 poWder. Ion-exchanged Water Was added to 
the obtained poWder to prepare slurry (solid content: 25% by 
mass). The slurry Was placed in a ball mill, and Was pulver 
iZed With 0.5 mm diameter Zirconia beads (about 3 hours). 
Thus, sol dispersing the Rh-doped CeO2 poWder of reduced 
particle siZe Was obtained. 

[0036] The Rh-doped CeO poWder had a particle siZe dis 
tribution (frequency distribution) in Which a peak particle siZe 
value Was in the range of 100 nm to 300 nm, both inclusive. 

[0037] The second catalyst layer 3 supported 70 g/L of 
Rh/CeZrNdO (Rh:0.084 g/L), 30 g/L of Rh/ZrLa/Al2O3 
(Rh:0.03 g/L), and 12 g/L of the Rh-doped CeO2 binder 
(Rh:0.006 g/L). 
[0038] A catalyst of Example 1 Was prepared in the folloW 
ing manner. First, Pd/CeZrNdO, Pd/LaiAl2O3, and the ZrY 
sol Were mixed to prepare slurry, and the slurry Was applied to 
the support, dried, and baked to form the ?rst catalyst layer 2. 
Then, Rh/CeZrNdO, Rh/ZrLa/Al2O3, and the Rh-doped 
CeO2 sol Were mixed to prepare slurry, and the slurry Was 
applied to the ?rst catalyst layer 2, dried, and baked to form 
the second catalyst layer 3. 

Example 2 

[0039] A catalyst of the same structure as the catalyst of 
Example 1 Was prepared in the same manner as Example 1 
except that the ZrY binder used in the ?rst catalyst layer 2 Was 
replaced With a ZrNd binder, and the Rh-doped CeO2 binder 
used in the second catalyst layer 3 Was replaced With a Rh 
doped CeZr binder. 
[0040] The ZrNd binder Was ZrNd sol obtained by Wet 
grinding ZrO2 containing 3 mol % of Nd2O3. The ZrNd sol 
had the same particle siZe distribution as the ZrY sol. The 
Rh-doped CeZr binder Was Rh-doped CeZr sol (Rh concen 
tration: 0.05% by mass) obtained by doping CeZr mixed 
oxide (CeO2:ZrO2:25:75 (mass ratio)) With Rh. The Rh 
doped CeZr sol Was prepared in the same manner as the 
Rh-doped CeO2 sol of Example 1 except that anitrate solution 
prepared by dissolving cerium nitrate hexahydrate, a Zirconyl 
nitrate solution, and a rhodium nitrate solution in ion-ex 
changed Water Was used. Like the Rh-doped CeO2 sol, the 
Rh-doped CeZr sol had a particle siZe distribution (frequency 
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distribution) in Which a peak particle size value Was in the 
range of 100 nm to 300 nm, both inclusive. 

Example 3 

[0041] A catalyst of the same structure as the catalyst of 
Example 1 Was prepared using the ZrY binder in the same 
manner as Example 1 except that the Rh-doped CeO2 binder 
used in the second catalyst layer 3 Was replaced With a Rh 
doped CeZrNd binder. 
[0042] The Rh-doped CeZrNd binder Was Rh-doped 
CeZrNd sol (Rh concentration: 0.05% by mass) in Which 
CeZrNd mixed oxide (CeO2:ZrO2:Nd2O3:10:80:10 (mass 
ratio)) Was doped With Rh. The Rh-doped CeZrNd sol Was 
prepared in the same manner as the Rh-doped CeO2 sol of 
Example 1 except that a nitrate solution prepared by dissolv 
ing cerium nitrate hexahydrate, a Zirconyl nitrate solution, 
neodymium nitrate hexahydrate, and a rhodium nitrate solu 
tion in ion-exchanged Water Was used. Like the Rh-doped 
CeO2 sol, the Rh-doped CeZrNd sol had a particle siZe dis 
tribution (frequency distribution) in Which a peak particle siZe 
value Was in the range of 100 nm to 300 nm, both inclusive. 

Example 4 

[0043] A catalyst of the same structure as the catalyst of 
Example 1 Was prepared using the ZrY binder in the same 
manner as Example 1 except that the Rh-doped CeO2 binder 
used in the second catalyst layer 3 Was replaced With a Rh 
doped CeZrLa binder. 
[0044] The Rh-doped CeZrLa binder Was Rh-doped 
CeZrLa sol (Rh concentration: 0.05% by mass) in Which 
CeZrLa mixed oxide (CeO2:ZrO2:La2O3:10:80:10 (mass 
ratio)) Was doped With Rh. The Rh-doped CeZrLa sol Was 
prepared in the same manner as the Rh-doped CeO2 sol of 
Example 1 except that a nitrate solution prepared by dissolv 
ing cerium nitrate hexahydrate, a Zirconyl nitrate solution, 
lanthanum nitrate hexahydrate, and a rhodium nitrate solution 
in ion-exchanged Water Was used. Like the Rh-doped CeO2 
sol, the Rh-doped CeZrLa sol had a particle siZe distribution 
(frequency distribution) in Which a peak particle siZe value 
Was in the range of a particle diameter of 100 nm to 300 nm, 
both inclusive. 

Example 5 

[0045] A catalyst of the same structure as the catalyst of 
Example 1 Was prepared using the ZrY binder in the same 
manner as Example 1 except that the Rh-doped CeO2 binder 
used in the second catalyst layer 3 Was replaced With a Rh 
doped CeZrNdY binder. 
[0046] The Rh-doped CeZrNdY binder Was Rh-doped 
CeZrNdY sol (Rh concentration: 0.05% by mass) in Which 
CeZrNdY mixed oxide (CeO2:ZrO2:Nd2O3:Y2O3:1 0: 80:5 : 5 
(mass ratio)) Was doped With Rh. The Rh-doped CeZrNdY 
sol Was prepared in the same manner as the Rh-doped CeO2 
sol of Example 1 except that a nitrate solution prepared by 
dissolving cerium nitrate hexahydrate, a Zirconyl nitrate solu 
tion, neodymium nitrate hexahydrate, yttrium nitrate hexahy 
drate, and a rhodium nitrate solution in ion-exchanged Water 
Was used. Like the Rh-doped CeO2 sol, the Rh-doped 
CeZrNdY sol had a particle siZe distribution (frequency dis 
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tribution) in Which a peak particle siZe value Was in the range 
of 100 nm to 300 nm, both inclusive. 

Example 6 

[0047] A catalyst of the same structure as the catalyst of 
Example 5 Was prepared in the same manner as Example 5 
except that 20 g/L of CeZrNdO (supporting no catalytic 
metal) Was mixed in the ?rst catalyst layer 2, and 10 g/L of 
LaiAlZO3 (supporting no catalytic metal) Was mixed in the 
second catalyst layer 3. CeZrNdO Was CeZrNd mixed oxide 
having a composition of CeO2:ZrO2:Nd2O3:23:67:10 (mass 
ratio). LaiAlZO3 Was activated alumina containing 4% by 
mass of La2O3. 

Comparative Example 1 

[0048] A catalyst of Comparative Example 1 Was different 
from the catalyst of Example 1 in that the ZrY binder Was 
used in place of the Rh-doped CeO2 binder in the second 
catalyst layer 3, and the amount of supported Rh/ZrLa/Al2O3 
in the second catalyst layer 3 Was set to 36 g/L (Rh:0.036 g/ L) 
in such a manner that the total amount of supported Rh Was 
the same as that in the catalyst of Example 1. 

Comparative Example 2 

[0049] A catalyst of Comparative Example 2 Was different 
from the catalyst of Example 1 in that a Rh-doped CeO2 
binder Was used in place of the ZrY binder in the ?rst catalyst 
layer 2, and the ZrY binder Was used in place of the Rh-doped 
CeO2 binder in the second catalyst layer 3. Speci?cally, the 
binders in the ?rst catalyst layer 2 and the second catalyst 
layer 3 of Example 1 Were contained in the second catalyst 
layer 3 and the ?rst catalyst layer 2 of Comparative Example 
2. 

Comparative Example 3 

[0050] A catalyst of Comparative Example 3 Was different 
from the catalyst of Example 1 in that a Rh-doped CeO2 
binder Was used in place of the ZrY binder in the ?rst catalyst 
layer 2, and the amount of supported Rh/ZrLa/Al2O3 in the 
second catalyst layer 3 Was set to 24 g/L (Rh:0.024 g/L) in 
such a manner that the total supported amount of Rh Was the 
same as that in the catalyst of Example 1. 

Comparative Example 4 

[0051] A catalyst of Comparative Example 4 Was prepared 
in the same manner as the catalyst of Comparative Example 1 
except that 20 g/L of CeZrNdO (supporting no catalytic 
metal) Was mixed in the ?rst catalyst layer 2, and 10 g/L of 
LaiAlZO3 (supporting no catalytic metal) Was mixed in the 
second catalyst layer 3 in the same manner as Example 6. 

[Evaluation of Exhaust Gas Puri?cation Performance] 

[0052] Each of the catalysts of Examples 1-6 and Compara 
tive Examples 1-4 Was bench-aged. Speci?cally, With the 
catalyst attached to an engine exhaust system, the engine Was 
alloWed to run in such a manner that a cycle of (1) streaming 
exhaust gas of A/F:14 for 15 seconds, (2) streaming exhaust 
gas of A/F:17 for 5 seconds, and (3) streaming exhaust gas of 
A/F:14.7 for 40 seconds Was repeated for 50 hours in total, 
and that a temperature of the gas at the entrance of the catalyst 
was 9000 C. 
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[0053] Then, a core sample having a support capacity of 
about 25 mL (25.4 mm in diameter, 50 mm in length) Was cut 
out from each catalyst, and the core sample Was placed in a 
gas ?oW reactor to measure a light-off temperature T50 (0 C.) 
and a rate of exhaust gas puri?cation C400 concerning the 
puri?cation of HC, CO, and NOx. The light-off temperature 
T50 (0 C.) is a temperature of the exhaust gas measured at the 
entrance of the catalyst When the puri?cation rate reached 
50% by gradually increasing the temperature of model 
exhaust gas ?oWing into the catalyst from a normal tempera 
ture. The rate of exhaust gas puri?cation C400 is a rate of 
puri?cation of each gas component When the temperature of 
the model exhaust gas at the entrance of the catalyst was 4000 
C. The model exhaust gas had A/F:14.7:0.9. Speci?cally, a 
mainstream gas of A/ 13:14.7 Was alloWed to constantly How, 
and a predetermined amount of gas for changing the A/F ratio 
Was added in pulses at a rate of 1 HZ, thereby forcedly oscil 
lating the A/F ratio in the range of 10.9. Space velocity SV 
Was 60000 h_l, and a rate of temperature increase Was 300 
C./minute. Table 1 shoWs compositions of gas When the A/F 
ratio Was 14.7, 13.8, and 15.6. Table 2 shoWs the results of 
measurement of T50 and C400. 
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having oxygen ion conductivity for providing the second 
catalyst layer 3 With improved light-off performance. 
Although Rh mainly acts on reduction and puri?cation of 
NOx, this is presumably because Rh in the Rh-doped CeO2 
binder of the second catalyst layer 3 of Example 1 is easily 
turned to Rh in the metal state (advantageous in reducing 
NOx) since CeO2 stores oxygen When the A/F is lean, and 
Rh-doped CeO2 is used as the binder. This alloWs the exhaust 
gas to contact Rh in the binder more frequently. 

[0055] In Example 1, the binder of the second catalyst layer 
3 Was doped With Rh. Therefore, the amount of supported 
Rh/ZrLa/Al2O3 Was reduced by 6 g/L as compared With Com 
parative Example 1 (reduced by 6 g/L in the Whole second 
catalyst layer 3). This indicates that thermal capacity of the 
catalyst is reduced, Which advantageously improves the light 
off performance. 
[0056] Although the catalyst of Comparative Example 2 
included the Rh-doped CeO2 sol in the ?rst catalyst layer 2, 
the light-off performance Was loWer than that of the catalyst 
of Comparative Example 1. This indicates that the Rh-doped 
CeO2 sol is advantageously used in the second catalyst layer 
3. The catalyst of Comparative Example 3 in Which the Rh 

TABLE 1 doped CeO2 sol Was used in both of the ?rst catalyst layer 2 
and the second catalyst layer 3 shoWed improved light-off 

A/F 13.8 14.7 15.6 - - 
C H (ppm) 541 555 548 performance as compared W1th the catalyst of Comparat1ve 
C2) ((1%) 23,5 0_60 059 Example 2, but the light-off performance Was loWer than that 
NO (ppm) 975 1000 980 of Example 1. This indicates that the ZrY binder having the 
CO20(%) 13-55 13-90 13-73 oxygen ion conductivity is advantageously used in the ?rst 
g2 8'2; 8'28 (352,2 catalyst layer 2. Although Pd mainly acts on oxidation and 
Hi0 (1%) 10 10 10 puri?cation of HC and CO, the ZrY binder captures oxygen in 

the atmosphere, and releases active oxygen Whether the 
exhaust gas atmosphere is lean or rich. The active oxygen 

TABLE 2 

Binder 

2"‘1 catalyst layer 1“ catalyst layer T50 ° C. C400 % 

(upper layer) (lower layer) HC CO NOx HC CO NOx 

Example 1 Rh-doped CeO2 sol ZrY sol 263 257 254 99 98 100 
Example 2 Rh-doped CeZr sol ZrNd sol 260 255 252 99 99 100 
Example 3 Rh-doped CeZrNd ZrY sol 258 251 247 99 99 100 

sol 
Example 4 Rh-doped CeZrLa ZrY sol 259 253 249 99 99 100 

sol 
Example 5 Rh-doped ZrY sol 256 251 246 99 99 100 

CeZrNdY sol 
Example 6 Rh-doped ZrY sol 254 248 245 99 99 100 

CeZrNdY sol (CeZrNdO added) 
(LaiAl2O3 added) 

Comparative ZrY sol ZrY sol 265 259 259 99 99 100 
Example 1 
Comparative ZrY sol Rh-doped CeO2 271 265 263 98 98 100 
Example 2 sol 
Comparative Rh-doped CeO2 sol Rh-doped CeO2 268 262 260 98 98 100 
Example 3 sol 
Comparative ZrY sol ZrY sol 261 255 254 99 99 100 

Example 4 (LaiAl2O3 added) (CeZrNdO added) 

[0054] The catalyst of Example 1 had the light-offtempera- presumably keeps Pd in the oxidiZed state, Which is advanta 
ture T50 loWer than that of the catalyst of Comparative 
Example 1 (the rate of exhaust gas puri?cation C400 Was 
similar to that of the catalyst of Comparative Example 1). 
This indicates that the Rh-doped CeO2 sol capable of storing 
and releasing oxygen is more advantageous than the ZrY sol 

geous for oxidation and puri?cation of HC and CO. 
[0057] The catalyst of Example 2 shoWed better light-off 
performance than that of the catalyst of Example 1. A pre 
sumable cause of this result is that the Rh-doped CeZr binder 
has higher thermal resistance than the Rh-doped CeO2 binder. 
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The catalyst of Example 3 showed better light-off perfor 
mance than that of the catalyst of Example 1. This is presum 
ably derived from the high thermal resistance, and improved 
capability of storing and releasing oxygen of the Rh-doped 
CeZrNd binder as compared With the Rh-doped CeO2 binder. 
The catalyst of Example 4 shoWed better light-off perfor 
mance than that of Example 1, although the light-off perfor 
mance Was slightly loWer than that of Example 3. This indi 
cates that the Rh-doped CeZrLa binder is advantageously 
used. The catalyst of Example 5 shoWed much better light-off 
performance than that of Example 3. This indicates the advan 
tage of the Rh-doped CeZrNdY binder. 
[0058] The catalyst of Example 6 Was prepared by adding 
CeZrNdO (supporting no catalytic metal) to the ?rst catalyst 
layer 2 of Example 5, and adding LaiAlZO3 (supporting no 
catalytic metal) to the second catalyst layer 3 of Example 5. 
The catalyst of Example 6 shoWed better light-off perfor 
mance than that of Example 5 as a result of addition of 
CeZrNdO and LaiAl2O3. The effect of the addition of 
CeZrNdO and LaiAlZO3 can be observed by comparing 
Example 6 and Comparative Examples 1 and 4. 
What is claimed is: 
1. An exhaust gas puri?cation catalyst comprising: 
a plurality of catalyst layers stacked on a support, Wherein 
at least one catalytic metal of Pd, Pt, or Rh is supported on 

at least one of oxide particles of activated alumina par 
ticles or Ce-containing oxide particles in a ?rst catalyst 
layer of the plurality of catalyst layers, and ?rst binder 
particles Which are ?ne, and have oxygen ion conduc 
tivity are interposed among the oxide particles, and 

at least one catalytic metal of Pd, Pt, or Rh is supported on 
at least one of oxide particles of activated alumina par 
ticles or Ce-containing oxide particles in a second cata 
lyst layer of the plurality of catalyst layers formed on or 
above the ?rst catalyst layer, and second binder particles 
Which are ?ne, and are capable of storing and releasing 
oxygen depending on a change in an oxygen concentra 
tion in the exhaust gas are interposed among the oxide 
particles. 
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2. The exhaust gas puri?cation catalyst of claim 1, Wherein 
the second binder particles are made of catalytic metal 

doped mixed oxide containing Ce, and the catalytic 
metal. 

3. The exhaust gas puri?cation catalyst of claim 1, Wherein 
the ?rst binder particles are made of mixed oxide contain 

ing Zr, and rare earth metal except for Ce. 
4. The exhaust gas puri?cation catalyst of claim 2, Wherein 
the ?rst binder particles are made of mixed oxide contain 

ing Zr, and rare earth metal except for Ce. 
5. The exhaust gas puri?cation catalyst of claim 2, Wherein 
the second binder particles are made of at least one of CeO2 

doped With a catalytic metal, CeZr mixed oxide doped 
With a catalytic metal, CeZrNd mixed oxide doped With 
a catalytic metal, CeZrLa mixed oxide doped With a 
catalytic metal, or CeZrNdY mixed oxide doped With a 
catalytic metal. 

6. The exhaust gas puri?cation catalyst of claim 3, Wherein 
the second binder particles are made of at least one of CeO2 

doped With a catalytic metal, CeZr mixed oxide doped 
With a catalytic metal, CeZrNd mixed oxide doped With 
a catalytic metal, CeZrLa mixed oxide doped With a 
catalytic metal, or CeZrNdY mixed oxide doped With a 
catalytic metal. 

7. The exhaust gas puri?cation catalyst of claim 3, Wherein 
the rare earth metal except for Ce in the ?rst binder par 

ticles is at least one of Y, Nd, or La. 

8. The exhaust gas puri?cation catalyst of claim 1, Wherein 
the second binder particles have a particle siZe distribution 

represented by frequency in Which a peak particle siZe 
value is in the range of 100 nm to 300 nm, both inclusive. 

9. The exhaust gas puri?cation catalyst of claim 1, Wherein 
the ?rst binder particles have a particle siZe distribution 

represented by frequency in Which a peak particle siZe 
value is in the range of 100 nm to 300 nm, both inclusive. 

* * * * * 


